Background: For patients with hormone receptor positive metastatic breast cancer (MBC), both steroidal and non-steroidal aromatase inhibitors (AIs) have demonstrated efficacy as initial and subsequent lines of treatment in trials comparing them with other hormonal agents like tamoxifen and megestrol acetate. Patients with MBC and predominant visceral involvement have a shortened survival compared to those with non-visceral disease. These patients are usually treated with chemotherapy, with under-utilization of endocrine strategies due to fear of rapid progression. In this review, we present the available data for both classes of AIs in patients with visceral predominant MBC and examine efficacy and safety differences between them. Methods: An exhaustive Medline search to retrieve published articles based on pre-defined inclusion criteria was conducted. Data from 13 published studies of randomized comparisons of the two classes of AIs with other hormonal therapies or each other form the basis of the efficacy analyses in this report. Conclusion: Based on our review of the available data, we argue that their manageable toxicity profile with demonstrable clinical benefit supports the use of both classes of AIs, with no significant efficacy differences between the agents, in appropriately selected patients with visceral predominant MBC. Due to the lack of randomized trial data comparing the two classes of AIs in this setting with the exception of one study, the comparisons in this review are mostly indirect and need confirmation in future prospective trials. This is likely to come from comparative trials in the adjuvant setting like the FACE and the MA-27 trials.
Introduction
Manipulation of the hormonal milieu via medical or surgical means is an integral part of the treatment of hormone receptor positive (HR1) breast cancer. Notably, the regression of inoperable breast cancer by means of oophorectomy was demonstrated over a century ago by Sir George Beatson in 1896. Estrogen blockade via pharmacologic means subsequently evolved as an effective treatment strategy for HR1 metastatic breast cancer (MBC) in both premenopausal and postmenopausal patients, with the development of the selective estrogen modulator tamoxifen. 1, 2 Other classes of drugs such as the progestins and aromatase inhibitors (AIs) were later introduced to the clinic. The success of these drugs in advanced disease prompted the conduct of large adjuvant trials, the results of which have significantly contributed to reducing mortality for women with HR1 breast cancer.
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Despite the advances made in treatment, metastatic breast cancer remains incurable and interventions for patients with metastatic disease are palliative in intent. Even when a complete remission is obtained with chemotherapy, only a small proportion of patients remain free from progression for an extended period of time. 5 The goal of treatment in the majority of patients is palliating symptoms, delaying tumor progression, and prolonging survival while maintaining a reasonable quality of life for as long as possible. Thus, hormonal therapies like aromatase inhibitors with their favorable toxicity profile and demonstrable efficacy in this setting are an attractive alternative to chemotherapy for suitable patients.
In clinical practice, several factors help determine suitable therapy in the first-line and subsequent settings for a patient with metastatic disease. Patients' age, tumor burden, pace of progression, disease free interval from the completion of adjuvant therapy, sites of disease, presence of tumor related symptoms, and residual toxicities from prior therapies all factor into decision making. In contrast to patients with nonvisceral metastases, visceral metastases often predict a grave prognosis. 6 Visceral metastases, hormone receptor negative status, and a disease free interval of less than 24 months have been shown to be predictors of a shorter survival time post-relapse. 7 Patients with symptomatic visceral disease are usually treated with chemotherapy as initial treatment due to the desired urgency of response. In contrast, patients with HR1 disease, with a limited tumor burden, non-visceral disease and a slowly progressive course are often treated with sequential lines of hormonal manipulation.
While chemotherapy is the default intervention in the setting of visceral metastases, hormonal therapy for selected patients with visceral disease may still be an appropriate first line therapy. There is a need to identify this subset of visceral disease patients for whom chemotherapy can be delayed or avoided without compromising efficacy.
In this review, we critically examine the efficacy data for AIs in the treatment of HR1 MBC, particularly in the setting of visceral disease. We also evaluate efficacy differences, if any, between the two classes of AIs (described in a subsequent section) with exemestane as the prototype for class I and anastrozole for class II respectively.
Methods
We performed a Medline search for all English language articles published between 1970-2009 with the terms "breast neoplasms", "metastasis", "aromatase inhibitors", "anastrozole", "exemestane" and "visceral metastasis". Only final peer reviewed publications of randomized controlled trials of the two classes of AIs represented by exemestane and anastrozole in first and subsequent lines of therapy for metastatic breast cancer were included in the main outcome of efficacy comparisons. We excluded case reports, review articles, and re-publications of the same study except when efficacy data for patient subsets were reported in a subsequent publication. Of the 90 publications retrieved, 13 publications met our inclusion criteria and are included in this review for the main outcome. Two reviewers assessed the study data, quality and applicability to allow unbiased abstraction.
Mechanism of Action, Metabolism and Pharmacokinetic Profile
In the late 1970's, after a discovery that aminoglutethimide, an anticonvulsant, leads to adrenal insufficiency and suppresses estrogen synthesis via aromatase inhibition, 8 it was developed for the treatment of metastatic breast cancer. 9 Aromatase inhibitors suppress plasma estradiol levels in post menopausal women by inhibiting the enzyme aromatase responsible for the conversion of andronstenedione to estrone and testosterone to estradiol (Fig. 1 Anastrozole and letrozole have a half-life (t½) of nearly 48 hours. 11, 12 Exemestane, in contrast, has a t½ of approximately 27 hours. 13 Regardless of these differences, the long half-lives of all the third generation aromatase inhibitors permit a once-daily oral dosing schedule. The time to obtain maximal estradiol (E2) suppression is 2-4 days for anastrozole and 7 days for exemestane, 14, 15 but both anastrozole and exemestane achieve a steady state drug level by day seven. 16 A comparable inhibition in excess of 90%, of in vivo aromatase activity has been observed with both classes of aromatase inhibitors. While both anastrozole and exemestane are hepatically metabolized unlike anastrozole, exemestane is a major substrate of the CYP3A4 enzyme system in the liver. Pharmacokinetic inhibition of the cytochrome P450 system has been noted with both anastrozole and exemestane at concentrations of 500 µm in human and rat microsomal preparations, 19 but no formal drug-drug interactions with other substrates have been reported for either class of aromatase inhibitors.
Clinical Studies
Both anastrozole and exemestane have been well studied in patients with metastatic breast cancer, and have demonstrated the ability to achieve objective responses and tumor stabilization in both pretreated patients as well as those with no prior hormonal therapy for metastatic disease. Table 1 summarizes the efficacy data from select trials comparing anastrozole and exemestane to tamoxifen in patients with no prior hormonal treatment for metastatic disease and to megestrol acetate or fulvestrant in patients who progressed after treatment with tamoxifen for metastatic disease.
Jonat et al compared two doses of anastrozole (1 mg and 10 mg) with megestrol acetate in 378 postmenopausal women with breast cancer who had received prior tamoxifen treatment and demonstrated measurable objective responses that ranged from 7%-13% with both doses of anastrozole in the subset of patients who had visceral only or mixed sites of disease including visceral. 20 These were comparable to the overall rate of complete and partial responses with either dose of anastrozole. Approximately 20% of the overall anastrozole treated population attained stable disease lasting longer than 6 months, but the rate of stable disease at visceral sites was not reported separately. A combined analysis of this trial and a trial by Buzdar et al 21 with an identical design and 40% of the combined population having visceral involvement, demonstrated objective responses at all sites of disease. The overall response rate and clinical benefit rate (CBR: CR1 PR1 SD  6 months) on both the anastrozole arms was approximately 10% and 30% respectively with the best responses seen in patients with soft tissue disease only. 22 Patients with any visceral involvement had a CBR of about 30% compared to 50% in patients without visceral involvement. Two randomized phase III trials have compared fulvestrant to anastrozole in the second line setting in postmenopausal women with advanced breast cancer. A combined analysis of these two trials demonstrated a CBR of 38% and 44% respectively with anastrozole treatment in the HR1 subset of patients with mixed sites of involvement including visceral and those with visceral involvement only. Median duration of clinical benefit was 8.6 months for both subsets. 23 An objective response rate of 19% in patients without visceral metastases and 13%-14% in patients with any or only visceral metastasis was reported. 24 Similar data exist for exemestane in patients with visceral metastases. Objective response rates ranging from 13.5% to 25% in pretreated patients with visceral disease have been reported, with an additional 20%-25% of the overall population achieving stable disease for a CBR of about 40%-45%. 25, 26 While the above mentioned studies involve primarily pretreated patients, both exemestane and anastrozole have been evaluated in the first line setting as well. Paridaens et al compared exemestane to tamoxifen in the metastatic setting as first line hormonal therapy, with nearly half of the patients (47%) on study having visceral metastases. In this subset of patients, 44% obtained an objective response with exemestane compared to 31% with tamoxifen. 27 Anastrozole has also been compared to tamoxifen in the first line setting. Two individual randomized trials have demonstrated equal or better time to progression (TTP) 28, 29 with anastrozole versus tamoxifen. A combined analysis of these two trials showed equivalence of anastrozole and tamoxifen for the protocol defined end point of TTP with an overall CBR with anastrozole of 57%. Objective response rates were not reported separately for the subset of patients with visceral disease. However, a higher likelihood of response was noted in patients with only soft tissue and/or lung metastases. 30 In a separate analysis evaluating the CBR in subsets of patients with or without visceral disease among the combined population, rates of 49% and 62% respectively with anastrozole were reported. 23 So far, the data reviewed represent subgroup analyses from individual trials which differed in their design, methodology and proportion of patients with confirmed HR+ tumors. None of these trials were prospectively designed to evaluate the efficacy of aromatase inhibitors in patients with visceral disease, though a substantial proportion of patients in the individual studies had visceral involvement. The magnitude of benefit for these patients, though less than in patients with non-visceral disease, is consistently present with demonstrated objective responses and prolonged stabilization of disease.
For the reasons mentioned above, it is difficult to conclude efficacy differences between the type I and II aromatase inhibitors directly in this setting, though there might be a hint of somewhat greater activity of exemestane. This provided the rationale for evaluating the type I and type II aromatase inhibitors in a randomized head to head comparison trial in postmenopausal metastatic breast cancer patients with visceral metastases. Campos et al recently reported the results of this trial, which to our knowledge is the only direct comparison of exemestane to anastrozole in this setting. 31 The inclusion criteria for this study required post-menopausal women with at least one site of measurable visceral metastases, no prior hormonal therapies except antiestrogens in the adjuvant or metastatic setting, 1 line(s) of chemotherapy for metastatic disease, and confirmed HR1 tumors. The definition of visceral disease was amended from inclusion of liver, lung/pleura, and "deep nodes" to only liver and/or lung involvement. Patients were randomly assigned to receive standard dosing of exemestane 25 mg/day (Arm A) or anastrozole 1 mg/day (Arm B). The study was closed prematurely due to slow accrual with 130 of the planned 200 patients accrued. Of these, only 107 were deemed evaluable. Due to limited power, a formal statistical comparison for the primary end point of response rate at visceral sites was not performed. Efficacy measures were, however, reported for the individual treatment arms.
Overall, a response rate at visceral sites of 16% in the evaluable population and 15% in the intention to treat (ITT) population was reported in both arms. The authors also noted a similar CBR (CR+ PR+ SD  180 days) in the visceral site(s) for Arm A (38%) and B (32%). Prolonged responses were observed with a median duration of response of 109 and 85 weeks respectively in the two arms. Though unable to establish efficacy differences between the two types of aromatase inhibitors, the study confirmed the activity and benefit of these therapies in patients with predominant visceral involvement with an observed median survival of 30-33 months in both study arms.
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Safety
The safety and tolerability of aromatase inhibitors as a class has been evaluated in several trials of adjuvant and metastatic disease. Their side effect profile differs from that of tamoxifen which has an increased risk of thromboembolic phenomena, endometrial hyperplasia and cancer, vaginal bleeding, uterine polyps and vasomotor symptoms. When compared directly to tamoxifen in the adjuvant trials like ATAC and the Intergroup Exemestane Study (IES), both the AIs were noted to have a higher incidence of musculoskeletal symptoms including arthralgias and myalgias, bone loss including fractures at vertebral and non vertebral sites, and vaginal dryness, but a significantly lower incidence of venous thromboembolic events, uterine abnormalities and vasomotor symptoms. [32] [33] [34] We've taken the liberty of indirectly comparing the side effect profile of the type I and type II aromatase inhibitors because of the lack of large amount of safety data from direct comparisons. Table 2 summarizes the reported frequencies of the common adverse events (AEs) for exemestane and anastrozole from the IES and ATAC trials, the two largest published adjuvant therapy trials with comprehensive side effect reporting of these agents versus tamoxifen. There seem to be no significant differences between the two classes in the frequency of any AEs and serious adverse events (SAEs). The NCIC CTG MA-27 trial is a randomized trial directly comparing the efficacy and safety of exemestane and anastrozole in the adjuvant treatment of post menopausal breast cancer patients and will provide more safety data for these two drugs.
A small study evaluating markers of bone turn over in 162 post menopausal patients randomized to treatment with letrozole, anastrozole or exemestane in the adjuvant setting has been reported only in abstract form (Unpublished data McCaig FM et al. Abstract # 1145, SABCS 2008). There were no significant differences noted in any of the markers of bone resorption or formation between the steroidal and non steroidal aromatase inhibitors in this study.
In the randomized trial of metastatic disease by Campos et al, 31 the proportion of patients who experienced any adverse event on the two arms of the study was similar. The rate of SAEs was numerically higher in the anastrozole arm (17%) vs. the exemestane arm (9%), though only 1 SAE was considered to be related to anastrozole treatment. The most common treatment related AEs on both treatment arms were hot flushes and fatigue. The number of patients who discontinued treatment due to AE was not different between the two study arms.
In contrast to hormonal therapy, chemotherapy is commonly associated with one or more of the acute side effects of alopecia, nausea and vomiting, fatigue, anorexia, and myelosuppression. This is also often coupled with the requirement of an indwelling vascular access device for administration of chemotherapy, and the time and cost of infusional therapy. When these factors are considered in decision making for a patient with incurable disease, there are obvious advantages to orally administered therapy that patients can take at home if the efficacy of treatment is not compromised.
Efficacy Differences among Aromatase Inhibitors
All third generation AIs are potent inhibitors of aromatase enzyme as demonstrated by measures of whole body aromatization. 17, 18 The average inhibition with the third generation inhibitors is greater than 97 percent as opposed to 90 percent with aminoglutethimide. A dose dependant inhibition of aromatase activity in cultured fibroblasts from mammary adipose tissue has been observed with significantly lower IC50 for the third generation inhibitors compared to aminoglutethimide (10 µm for aminogluthemide vs. 15 nm for anastrozole vs. 5 nm for exemestane).
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The differences among the third generation drugs are more subtle. Between the non-steroidal inhibitors letrozole and anastrozole, letrozole appears to be a more potent suppressor of breast cancer tissue and plasma estrogen levels compared with anastrozole 36 . This greater peripheral and intratumoral inhibition of estrogen and aromatase activity may translate to differences in clinical efficacy, but remains to be confirmed in head to head trials of these drugs such as the recently completed adjuvant Femara Anastrozole Clinical Evaluation (FACE) trial and the ongoing randomized comparison of anastrozole and exemestane in the NCIC CTG MA. 27 trial. Another comparative head-to-head trial in the metastatic setting is unlikely to be conducted and any efficacy differences in advanced disease will have to be extrapolated from results of the adjuvant trials or from indirect comparisons between trials of AIs versus other hormonal therapies as attempted in this review.
Patient Preference and Compliance
Compliance and adherence to oral therapy with tamoxifen and AIs is of major importance, especially in the adjuvant setting, given the reduction in mortality with these drugs for HR+ breast cancer. Studies looking at adherence over the entire adjuvant treatment period have shown varying rates of adherence. Partridge et al noted that between 19% and 28% of the women with early stage breast cancer on anastrozole had less than 80% adherence during the first year of therapy, and the adherence rate declined per year over a 36 month observation period. 37 Musculoskeletal symptoms resulting from, or worsening as a result of AI use are reported by patients as the most common reason for non-adherence and switching from one aromatase inhibitor to another. 38, 39 Though reliable predictors for AI related arthralgias are lacking, studies have suggested that overweight but not obese patients 40 and ethnic minorities may be less prone to developing these symptoms.
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For patients with metastatic disease, these barriers for long term adherence to therapy may be less important. However, the influence on quality of life resulting from musculoskeletal and vasomotor symptoms remains relevant. As discussed previously, the generally manageable side effect profile of these drugs compared to the more significant chemotherapy related side effects make these agents a valuable tool in the treatment armamentarium for metastatic disease.
Place in Therapy
As noted throughout, third generation aromatase inhibitors have been evaluated in patients with HR1 MBC, including those with visceral metastases and they appear to be effective in inducing clinical benefit in a significant proportion of such patients. In patients with rapidly progressive disease, and those in a visceral crisis, where an expedited response is needed, aromatase inhibitors regardless of the type are not the ideal treatment. However, after a maximum response with chemotherapy has been obtained, endocrine therapy can help provide patients a chemotherapy free interval. In patients with isolated visceral metastases, slowly progressive disease, and/or those who are deemed unfit for chemotherapy, endocrine therapy can be a reasonable first line treatment. For patients who relapse on or within 1 year of adjuvant tamoxifen therapy, the NCCN guidelines recommend AIs as the initial endocrine therapy for relapsed disease. All three third generation AIs are endorsed as being equal in efficacy and safety in the current NCCN guidelines with no one drug being the preferred agent. 42 There is evidence to show that patients who progress on non steroidal AIs can still derive benefit from the steroidal AI exemestane. Data from the randomized EFECT (The Evaluation of Exemestane versus Faslodex Clinical Trial) trial in patients with or without visceral metastases have recently been published.
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The trial enrolled post menopausal patients with advanced breast cancer progressing on or recurring after prior non steroidal AI therapy. Over half of the patients (57%) had visceral involvement. In this subset of patients, exemestane produced a CBR of 27%, similar to 29% with fulvestrant. The median duration of clinical benefit was 8 months and 10 months respectively for the two treatment arms. These data provide assurance that sequential hormonal therapy can help delay the use of chemotherapy in selected patients with visceral metastases with meaningful gains in quality of life.
Conclusions and Future Directions
The available evidence supports the role of type I and II AIs in the treatment of post menopausal patients with HR1 MBC, including those with visceral disease. Given the paucity of data from randomized head to head comparisons of these agents, we've presented an indirect comparison from trials evaluating them against other hormonal therapies in first and second line settings. Based on these comparisons and the only randomized data from Campos et al, there do not seem to be significant efficacy differences in patients with visceral metastases with either class of AIs. Importantly, though the likelihood of objective responses are lower in patients with visceral disease, the clinical benefit rates range from 40%-50% in the first line setting, and 30%-35% in the second line. In keeping with the goals of treatment in the metastatic setting with an emphasis on palliation of disease and maintaining a good quality of life, these drugs offer a less toxic alternative to chemotherapy. However, they remain underutilized in patients with visceral involvement due to fear of disease progression and the presumed higher efficacy of chemotherapy in such patients.
Regardless of the timing of use, resistance to endocrine therapies both in the adjuvant and metastatic setting is an increasingly recognized problem. Several mechanisms including up-regulation and cross talk with signaling pathways like the EGFR/HER2, Insulin like growth factor, PI3K-mTOR, VEGF etc. contribute to resistance to endocrine therapies. Novel strategies of combining endocrine treatments with other targeted therapies will further expand their role and prolong the treatment benefit afforded by them by circumventing or delaying resistance to these drugs. The results of two such trials of the combination of an AI with HER2 blockade in ER1, HER21 MBC patients have been reported.
The TanDem trial evaluated a combination of anastrozole with trastuzumab versus anastrozole alone, 44 and the EGF30008 trial evaluated letrozole in combination with the dual EGFR/HER2 blocker lapatinib versus letrozole alone. 45 Both studies showed a longer TTP for the combination versus the AI alone. Other strategies being explored include combinations with anti VEGF agents, mTOR inhibitors, and HDAC inhibitors among others. The results of these trials and the head to head comparison studies in the adjuvant setting, including the biomarker sub-studies are eagerly awaited to further define their role in the treatment of HR1 breast cancer.
